The aim of this study was to evaluate the effects of foliar application of boron and calcium on postharvest storage characteristics of Asian pear (Pyrus pyrifolia) fruit. This experiment was carried out in the experimental orchard of Asian pear at Tarbiat Modares University, Tehran, Iran. The treatments were two concentrations of boric acid (0% and 0.5%) and three concentrations of calcium chloride (0%, 0.5%, and 0.7%) which were sprayed on trees during the growing season. The data showed that foliar application of these two elements resulted in improvement in physicochemical characteristics of the pear fruit, particularly fruit firmness and polyphenol oxidase activity. At harvest, fruit firmness and total soluble solids (TSS) were significantly improved by B and Ca application, compared to control fruit. Although fruit firmness decreased during 3 months of cold storage, fruit which received higher rates of Ca and B retained more firmness. During the storage period, total phenolic content was significantly reduced in control fruit compared to fruit which were sprayed with Ca and/or B. The highest level of polyphenol oxidase activity was in B and Ca sprayed fruit and the lowest was in control fruit. In general, foliar application of Ca and B resulted in improvement of postharvest characteristics of Asian pear fruit and reduced internal browning symptoms. Thus, application of Ca and B could be recommended as treatments for increasing postharvest life of Asian pear in similar semi-arid climates.
Introduction
Asian pear (Pyrus pyrifolia), originating from the eastern part of Asia, has been cultivated for centuries. Due to the high quality of the fruit, cultivation and consumption of Asian pear fruit is increasing around the world [1] . The nutrient balance is the main factor that plays a role in postharvest quality of Asian pear fruit.
However, nutrients deficiency disorders are very common in many horticultural crops, particularly under arid and calcareous soil conditions. These disorders play important roles in quality and therefore in marketability of the crops. Calcium and boron are key elements in maintaining the quality and shelf life of fruits, particularly apple and pear. Both elements generally have similar uptake, translocation and correlated physiological roles. Cell strength, cell wall thickness and tissue firmness are highly dependent upon adequate amounts of calcium, mainly forming pectin in the middle lamella [2] . Optimum levels of calcium application have led to better stability of cell membranes and cell walls, and consequently resulted in increasing fruit quality [3] . Boron is another important element in quality parameters of fruits, in particular in pome fruit such as pear. Boron participates in many physiological reactions, particularly cell wall formation and metabolism of sugars and phenolic Table 1 . Different treatments and their abbreviations used in this experiment.
Treatment
Calcium Chloride (%) Boric Acid (%) 
Physicochemical Quality Characteristics
Physicochemical quality characteristics of fruit at harvest and after three months of cold storage were characterized. The fruit length and diameter were determined using digital calipers, and weight loss during cold storage was measured by weighing each fruit individually with a precision digital balance at the beginning and end of storage. After cutting the fruit into small pieces, they were dried at 70 • C in an oven to measure fruit dry weight. Fruit firmness and total soluble solids were evaluated using a portable penetrometer and refractometer, respectively. Titratable acidity was determined by titration of fruit juice by adding 0.1 N NaOH solution to reach pH of 8.3.
The Total Phenol Content
The total phenol content of fruit at harvest and three months after storage was determined by the Folin-Ciocalteu method [5] . To prepare the sample for total phenol quantification, frozen pieces of fruit were ground to a fine powder using a mortar and pestle cooled by liquid nitrogen during grinding. For quantification of total phenol content, 6 mL of 80% methanol was added to 1 g of powdered sample. Then samples were centrifuged at 14,000 rpm for 20 min at 4 • C. Extract (20 µL) was added to 1.58 mL of distilled water containing 100 µL Folin-Ciocalteu reagent. After 8 min, 300 µL of 20% (w/v) sodium carbonate was added to the sample and placed 2 h at room temperature in darkness. The absorption of the sample was measured with a spectrophotometer at 765 nm. The results were calculated based on using garlic acid as a standard and are expressed as mg garlic acid per g fresh weight of fruit.
Measuring the Activity of Polyphenol Oxidase Enzyme
For measuring the activity of polyphenol oxidase enzyme activity after 3 months of storage, 200 mg of fruit tissue powder was mixed with 3 mL sodium phosphate buffer (25 mM, pH 6.8) at 4 • C, and the homogenate was centrifuged for 15 min at 4 • C. The supernatant was used for measurement of enzyme activity. Activity of polyphenol oxidase in the supernatant was measured according to Ghanati et al. [6] with minor changes. Sodium phosphate buffer (50 mM, pH 6.8) was used. Methyl catechol (0.15 M) was used as substrate. The reaction mixture contained 2 mL sodium phosphate buffer (50 mM, pH 6.8), 600 µL methyl catechol (0.15 M), and 400 µL enzyme extract. Changes in the oxidation of catechol were monitored at 410 nm for 1 min. Protein content of the supernatant was measured using the Bradford assay [7] . Polyphenol oxidase enzyme activity was determined as change in absorption at 410 nm for 1 min per mg protein.
Statistical Analysis
Statistical analysis was performed using SAS software (SAS Institute Inc., Cary, NC, USA) and diagrams were drawn using Excel software. Comparison of means was conducted using Duncan's New Multiple Range Test at p = 0.05.
Results
Spray applications of boric acid and calcium chloride had no significant effect on fruit length and diameter at harvest and three months after storage (Tables 2 and 3 ). Fruit fresh weight was affected only by Ca spray. The highest fruit fresh weight (54.72 g) was with the 0.7% calcium treatment, and the lowest (40.77 g) was the control (Figure 1 ). The fruit dry weight at harvest was only affected by the interaction of Ca and B. The highest fruit dry weight (17.48 g per 100 g FW) was with 7% Ca by 0.5% B. After 3 months of storage, significant differences in fruit fresh weight were observed for the effect of Ca, and for the interaction between Ca and B ( Table 3 ). The highest fruit fresh weight (56.63 g) was at 0.7% Ca (Figure 2 ). Interaction between calcium and boron on fruit fresh weight after three months of cold storage. See Table 1 Fruit firmness at harvest was affected by both Ca and B, but not by their interaction ( Table 2 ). The highest fruit firmness (5.83 kg/cm 2 ) was with 0.7% Ca, and the lowest firmness (4.1 kg/cm 2 ) was the control (Figure 3 ). Similarly, fruit firmness was significantly higher at 0.5% B (5.17 kg/cm 2 ) compared to the control (4.73 kg/cm 2 ) (data not shown). Analysis of variance showed that after three months of cold storage, firmness was only affected by Ca (Table 3 ). The highest fruit firmness (3.23 kg/cm 2 ) was at 0.7% Ca, and the lowest (2.3 kg/cm 2 ) was the control (Figure 3 ). Interaction between calcium and boron on fruit fresh weight after three months of cold storage. See Table 1 Fruit firmness at harvest was affected by both Ca and B, but not by their interaction ( Table 2 ). The highest fruit firmness (5.83 kg/cm 2 ) was with 0.7% Ca, and the lowest firmness (4.1 kg/cm 2 ) was the control (Figure 3) . Similarly, fruit firmness was significantly higher at 0.5% B (5.17 kg/cm 2 ) compared to the control (4.73 kg/cm 2 ) (data not shown). Analysis of variance showed that after three months of cold storage, firmness was only affected by Ca (Table 3 ). The highest fruit firmness (3.23 kg/cm 2 ) was at 0.7% Ca, and the lowest (2.3 kg/cm 2 ) was the control (Figure 3 ). Fruit firmness at harvest was affected by both Ca and B, but not by their interaction ( Table 2 ). The highest fruit firmness (5.83 kg/cm 2 ) was with 0.7% Ca, and the lowest firmness (4.1 kg/cm 2 ) was the control (Figure 3) . Similarly, fruit firmness was significantly higher at 0.5% B (5.17 kg/cm 2 ) compared to the control (4.73 kg/cm 2 ) (data not shown). Analysis of variance showed that after three months of cold storage, firmness was only affected by Ca (Table 3 ). The highest fruit firmness (3.23 kg/cm 2 ) was at 0.7% Ca, and the lowest (2.3 kg/cm 2 ) was the control (Figure 3 ). Interaction between calcium and boron on fruit fresh weight after three months of cold storage. See Table 1 Fruit firmness at harvest was affected by both Ca and B, but not by their interaction ( Table 2 ). The highest fruit firmness (5.83 kg/cm 2 ) was with 0.7% Ca, and the lowest firmness (4.1 kg/cm 2 ) was the control (Figure 3) . Similarly, fruit firmness was significantly higher at 0.5% B (5.17 kg/cm 2 ) compared to the control (4.73 kg/cm 2 ) (data not shown). Analysis of variance showed that after three months of cold storage, firmness was only affected by Ca (Table 3 ). The highest fruit firmness (3.23 kg/cm 2 ) was at 0.7% Ca, and the lowest (2.3 kg/cm 2 ) was the control (Figure 3) . Total soluble solids at harvest showed significant effects of Ca, B and their interaction ( Table 2) . The highest TSS (16 • Brix) was the control (Figure 4) . After 3 months of cold storage, TSS showed significant effects of Ca, B, and their interaction ( Table 3) . The highest TSS (20 • Brix) was in control fruit (Figure 4 ). At harvest, there were no significant differences among treatments in TA values. However, after 3 months of storage, TA was significantly affected by the interaction of B and Ca (Table 3) , as the highest was measured in the 0.7% Ca treatment.
Total soluble solids at harvest showed significant effects of Ca, B and their interaction ( Table 2 ). The highest TSS (16 °Brix) was the control (Figure 4) . After 3 months of cold storage, TSS showed significant effects of Ca, B, and their interaction ( Table 3) . The highest TSS (20 °Brix) was in control fruit (Figure 4 ). At harvest, there were no significant differences among treatments in TA values. However, after 3 months of storage, TA was significantly affected by the interaction of B and Ca (Table 3) , as the highest was measured in the 0.7% Ca treatment. At harvest, control fruit had the highest total phenol content, while application of Ca and B reduced total phenol content. Fruit treated with 0.7% Ca and 0.5% B (c2b1) showed the lowest phenol content ( Figure 5 ). In addition, total phenol content showed a significant reduction during cold storage, and the reduction in the control samples was more than in B and Ca treated fruit. Control fruit showed the lowest total phenol after 3 months of cold storage. For fruit receiving 0.7% Ca and 0.5% B (c2b1) treatment, the total phenol was maintained ( Figure 5 ). Ca application reduced the activity of polyphenol oxidase at 3 months ( Figure 6 ). Thus, after storage, PPO activity was highest in control fruit, which was accompanied by a reduction in phenolic content. Thus, treating fruit with B and Ca during the growing season reduced the activity of PPO at the end of the storage period ( Figure 6 ). At harvest, control fruit had the highest total phenol content, while application of Ca and B reduced total phenol content. Fruit treated with 0.7% Ca and 0.5% B (c 2 b 1 ) showed the lowest phenol content ( Figure 5 ). In addition, total phenol content showed a significant reduction during cold storage, and the reduction in the control samples was more than in B and Ca treated fruit. Control fruit showed the lowest total phenol after 3 months of cold storage. For fruit receiving 0.7% Ca and 0.5% B (c 2 b 1 ) treatment, the total phenol was maintained ( Figure 5 ). Ca application reduced the activity of polyphenol oxidase at 3 months ( Figure 6 ). Thus, after storage, PPO activity was highest in control fruit, which was accompanied by a reduction in phenolic content. Thus, treating fruit with B and Ca during the growing season reduced the activity of PPO at the end of the storage period ( Figure 6 ). Total soluble solids at harvest showed significant effects of Ca, B and their interaction ( Table 2 ). The highest TSS (16 °Brix) was the control (Figure 4) . After 3 months of cold storage, TSS showed significant effects of Ca, B, and their interaction ( Table 3) . The highest TSS (20 °Brix) was in control fruit (Figure 4 ). At harvest, there were no significant differences among treatments in TA values. However, after 3 months of storage, TA was significantly affected by the interaction of B and Ca (Table 3) , as the highest was measured in the 0.7% Ca treatment. At harvest, control fruit had the highest total phenol content, while application of Ca and B reduced total phenol content. Fruit treated with 0.7% Ca and 0.5% B (c2b1) showed the lowest phenol content ( Figure 5 ). In addition, total phenol content showed a significant reduction during cold storage, and the reduction in the control samples was more than in B and Ca treated fruit. Control fruit showed the lowest total phenol after 3 months of cold storage. For fruit receiving 0.7% Ca and 0.5% B (c2b1) treatment, the total phenol was maintained ( Figure 5 ). Ca application reduced the activity of polyphenol oxidase at 3 months ( Figure 6 ). Thus, after storage, PPO activity was highest in control fruit, which was accompanied by a reduction in phenolic content. Thus, treating fruit with B and Ca during the growing season reduced the activity of PPO at the end of the storage period ( Figure 6 ). Table 1 Figure 6 . Activity of polyphenol oxidase after three months of cold storage. See Table 1 
Discussion
In this study, fresh weight was increased by Ca, and dry weight of fruit was increased by Ca × B applications. Increasing cell wall and pectin amounts probably were involved in these responses. Other studies also reported improvement of fruit weight with foliar sprays of Ca and B [8, 9] . Fruit firmness was also significantly improved by Ca and B sprays. Increasing pectin levels in the cell wall also probably played a role in this regard [10] . Fruit firmness declined during storage. However, Ca application resulted in a higher fruit firmness compared to the control both at harvest as well as after 3 months of cold storage. Treatment of apple fruit two weeks before maturity with 8% calcium chloride has significantly increased fruit firmness [11] . Also, by application of 4% calcium chloride, Asian pear fruit firmness increased compared to a control [12] . In this study, Ca reduced fruit TSS, similar to results obtained by some others [13] , although other research has had different results [8, 9, 14] . Betts and Bramlage [14] reported that in apple fruit, Ca did not affect TSS as application of Ca reduced respiratory rate and consequently degradation of starch to simple sugars, as well as total soluble solids. Total soluble solids increased during storage, probably due to conversion of starch to sugar. Titratable acidity of fruit decreased during storage. Previous reports indicated that acidity in pear and other fruits gradually increased until final fruit size, while it decreased during maturation, ripening and storage of apple [15] . Similar results were obtained in the present study. Other studies also reported reduction of organic acids during storage of Yali pear [16] , although there are reports showing that acidity was not affected by Ca [11] . The role of calcium in cell wall strength is probably responsible for most quality-related properties of this element. Calcium was shown to reduce the production of phenolic compounds in fruit [17] , and also increase the polysaccharides and non-alcohol-soluble solids in the fruit cell walls. It also maintained cell membrane stability [3, 18, 19] . The reduction in total phenolic levels in control fruit after three months of cold storage was likely due to the higher activity of polyphenol oxidase enzyme (Figure 6 ), resulting in oxidation of phenolic compounds and internal browning in fruit tissue (Figure 7) . Generally, prevention of phenol oxidation by application of Ca and B has mainly been related to their effects on cell membrane integrity and membrane permeability [20, 21] . Boron, on the other hand, facilitates the role of calcium in cell membrane and cell wall interactions. Nevertheless, both Ca and B have restricted transport within plants, in particular under semi-arid and calcareous soil conditions. Therefore, foliar sprays of these two nutrient elements several times during a growing season can improve Ca and B concentration in fruit tissues [21] . C1b0 C1b1 C2b0 PPO activity (U/min.mg protein) Figure 6 . Activity of polyphenol oxidase after three months of cold storage. See Table 1 
In this study, fresh weight was increased by Ca, and dry weight of fruit was increased by Ca × B applications. Increasing cell wall and pectin amounts probably were involved in these responses. Other studies also reported improvement of fruit weight with foliar sprays of Ca and B [8, 9] . Fruit firmness was also significantly improved by Ca and B sprays. Increasing pectin levels in the cell wall also probably played a role in this regard [10] . Fruit firmness declined during storage. However, Ca application resulted in a higher fruit firmness compared to the control both at harvest as well as after 3 months of cold storage. Treatment of apple fruit two weeks before maturity with 8% calcium chloride has significantly increased fruit firmness [11] . Also, by application of 4% calcium chloride, Asian pear fruit firmness increased compared to a control [12] . In this study, Ca reduced fruit TSS, similar to results obtained by some others [13] , although other research has had different results [8, 9, 14] . Betts and Bramlage [14] reported that in apple fruit, Ca did not affect TSS as application of Ca reduced respiratory rate and consequently degradation of starch to simple sugars, as well as total soluble solids. Total soluble solids increased during storage, probably due to conversion of starch to sugar. Titratable acidity of fruit decreased during storage. Previous reports indicated that acidity in pear and other fruits gradually increased until final fruit size, while it decreased during maturation, ripening and storage of apple [15] . Similar results were obtained in the present study. Other studies also reported reduction of organic acids during storage of Yali pear [16] , although there are reports showing that acidity was not affected by Ca [11] . The role of calcium in cell wall strength is probably responsible for most quality-related properties of this element. Calcium was shown to reduce the production of phenolic compounds in fruit [17] , and also increase the polysaccharides and non-alcohol-soluble solids in the fruit cell walls. It also maintained cell membrane stability [3, 18, 19] . The reduction in total phenolic levels in control fruit after three months of cold storage was likely due to the higher activity of polyphenol oxidase enzyme (Figure 6 ), resulting in oxidation of phenolic compounds and internal browning in fruit tissue (Figure 7) . Generally, prevention of phenol oxidation by application of Ca and B has mainly been related to their effects on cell membrane integrity and membrane permeability [20, 21] . Boron, on the other hand, facilitates the role of calcium in cell membrane and cell wall interactions. Nevertheless, both Ca and B have restricted transport within plants, in particular under semi-arid and calcareous soil conditions. Therefore, foliar sprays of these two nutrient elements several times during a growing season can improve Ca and B concentration in fruit tissues [21] . 
Conclusions
In the present study, application of both Ca and B improved the physical and chemical characteristics of fruit compared to a control. Increasing fruit firmness and TSS due to Ca and B applications could have important implications, particularly in terms of fruit quality and storage life. Foliar sprays of both Ca and B reduced the activity of polyphenol oxidase enzyme, which is mainly responsible for internal browning of fruit. The role of calcium in cell wall strength was probably responsible for most quality-related properties of this element. So, using foliar applications of Ca and B during the growing season of Asian pear trees is recommended for improving postharvest quality parameters of fruit in semi-arid regions. 
In the present study, application of both Ca and B improved the physical and chemical characteristics of fruit compared to a control. Increasing fruit firmness and TSS due to Ca and B applications could have important implications, particularly in terms of fruit quality and storage life. Foliar sprays of both Ca and B reduced the activity of polyphenol oxidase enzyme, which is mainly responsible for internal browning of fruit. The role of calcium in cell wall strength was probably responsible for most quality-related properties of this element. So, using foliar applications of Ca and B during the growing season of Asian pear trees is recommended for improving postharvest quality parameters of fruit in semi-arid regions.
